OBJECTIVE: To investigate whether walking or resistance training improves weight maintenance after weight loss when added to dietary counselling. DESIGN: Two months' weight reduction with very-low-energy-diet (VLED) followed by randomization into three groups (control, walking, resistance training) for 6 months' weight maintenance (WM) program and 23 months' unsupervised followup. During VLED and WM all groups received similar dietary counselling. SUBJECTS: The main inclusion criteria were BMI > 30 kg=m 2 , waist > 100 cm and physical inactivity (exercise once a week). Ninety healthy, obese (mean BMI 32.9 kg=m 2 and waist 112.5 cm), 35 -50 y-old men started the study and 68 were measured at the end of the study. MEASUREMENTS: Weight and body composition assessed by underwater weighing. Exercise diaries and dietary records to assess energy balance. RESULTS: During VLED the mean body weight decreased from 106.0 (s.d. 9.9) kg to 91.7 (9.4) kg. Weight was regained mostly during follow-up and in the end of the study the mean weight in groups was 99.9 -102.0 kg. Exercise training did not improve short or long-term weight maintenance when compared to the control group. However, resistance training attenuated the regain of body fat mass during WM (P ¼ 0.0l), but not during follow-up. In the combined groups the estimated total energy expenditure (EE) of reported physical activity was associated with less weight regain during WM. EE of 10.1 MJ=week was associated with maintaining weight after weight loss. EE of physical activity tended to decrease after WM in exercise groups due to poor long-term adherence to prescribed exercise. Energy intake seemed to increase during follow-up. CONCLUSION: Exercise training of moderate dose did not seem to improve long-term weight maintenance because of poor adherence to prescribed exercise.
Introduction
Obesity is a worldwide health dilemma and weight loss maintenance is one of the key challenges in treatment of obesity. 1 A systematic review by Glenny et al 2 concluded that short-term ( < 1 y) results of obesity treatment are usually fairly good, but long-term results are less promising. Moreover, only 15% of dieters seem to be able to maintain all or at least 9 kg of the initial weight loss. 3 In addition to behavioural predictors, such as strong cognitive control of overeating, increased physical activity has been associated with successful weight maintenance in many observational studies. 4 Increased physical activity is often advocated as a solution to improve weight maintenance 5 -7 and many dieters use exercise for weight loss and maintenance. 8 However, in controlled intervention trials with prescribed exercise training either during or after weight reduction, beneficial effects of physical activity on long-term weight maintenance have not been demonstrated unequivocally. 4 Although increased physical activity may preserve some fat-free body mass during weight reduction, 9, 10 it is unclear whether it has beneficial effects on body composition during weight regain. In addition, it is still unclear whether physical activity incorporated into a diet-focused maintenance program has additional long-term effects on weight and body composition, obesity-related comorbities or their risk factors. Moreover, there is clearly a lack of knowledge about the effects of exercise on weight maintenance in men, as previous studies have mainly focused on women.
At present, long-term studies comparing different exercise modes in obesity treatment are scarce. During short-term dietary energy restriction, several exercise modes have enhanced the loss of body fat. 11, 12 However, long-term studies are rare and the longest one with 48 weeks' followup found no difference between aerobic and strength training. 13 In addition, the exercise dose resulting in most favourable effects on weight maintenance is unknown. The more the better might seem an obvious solution to exercise prescription, but in our recent study 14 on women, a moderate walking dose resulted in better weight maintenance due to better exercise adherence as compared with twice the dose.
Our main question in the present study was whether adding either walking or resistance training to dietary counselling after substantial weight reduction improves longterm maintenance of weight and body composition in obese middle-aged men. We hypothesized that weight maintenance would be improved by exercise training and, furthermore, that walking training due to its greater energy expenditure and home-based nature would result in better weight maintenance compared to resistance training. We also hypothesized that exercise training would lead to more favourable body fat distribution during an expected partial weight regain than diet alone. Finally, we were also interested in finding out whether there were differences in long-term adherence to prescribed exercise between walking and resistance training.
Methods

Study design
The study lasted for 31 months and consisted of three phases. First, all subjects participated in a 2 month weight reduction (WR) phase using very-low-energy-diet (VLED). WR was followed by a 6-month weight maintenance (WM) program, before which the subjects were randomized into three groups: a control group (C) with no increase in habitual exercise, and two exercise groups (walking, W or resistance training, R) training 45 min three times weekly. The subjects were randomized using random permuted blocks within strata, 15 with weight loss (in three classes) as the stratifying factor. The third phase was a 23-month follow-up (unsupervised). The subjects were assessed before and after the weight reduction (2 months from the beginning of the study), after the weight maintenance phase (8 months) , and at 12 months (20 months) and 21 months (31 months) after the end of the weight maintenance phase.
Subjects
The inclusion criteria for the volunteer men were: age 35 -50 y; body mass index (BMI, weight divided by the height (in metres) squared) 30 -40 kg=m 2 ; and waist circumference over 100 cm. Users of regular medication, physically active (leisure-time physical exercise more than once weekly) or smokers were excluded. Suspected binge eaters (symptom scores > 20 on the Bulimic Investigatory Test of Edinburgh, BITE 16 ) were excluded. The study was approved by an independent Research Ethical Committee of UKK Institute. Written informed consent was obtained from the participants.
Of the 214 persons who answered to a newspaper advertisement, 90 fulfilled the inclusion criteria. All 90 subjects completed the WR, and 82 (91% of initial) subjects finished the WM phase. Seventy-two (80%) men participated in the measurements after 1 y follow-up, and 68 (76%) subjects were measured at the end of the follow-up. The reasons for drop-out during the study were mostly lack of time or interest, and none was due to illnesses or injuries related to the intervention program. There were no differences in dropout rate between study groups.
Weight reduction (WR) phase
The 2-months program consisted of low-energy diet (LED, 5 MJ=day (1200 kcal=day) first and last week) based on a meal-exchange system, and VLED (2.1 MJ=day (500 kcal= day), Nutrilett, Leiras Oy, Turku, Finland). The subjects had weekly weighings and meetings in small groups (5 -12 participants) led by a nutritionist. The meeting topics included instructions for LED and VLED, general knowledge on diet and weight maintenance, and basics of relapse prevention techniques using the LEARN program. 17 Weight maintenance (WM) phase Subjects in the two exercise groups trained 45 min three times weekly. Each session was preceded by a 10 min of warm-up and followed by 5 min of stretching and cooldown. One weekly training session was supervised by an exercise instructor. The target intensity of walking was set at 60 -70% of maximum oxygen consumption (VO 2max ) measured in a treadmill test. The intensity was monitored by heart rate monitors (Polar Edge, Polar Electro Oy, Kempele, Finland). The training intensity for resistance training was set at 60 -80% of repetitive maximum with eight repetitions and three sets in each exercise. The estimated gross energy expenditure (EE) of one exercise session was on average 1.7 MJ (400 kcal) in walking and 1.2 MJ (300 kcal) in strength training. 18 The subjects in the control group were advised not to increase physical activity.
Weekly meetings in small groups (separately for each randomized group) continued throughout the maintenance phase. All subjects were instructed to follow an ad libitum, high-carbohydrate low-fat diet for weight maintenance, and they received written educational material monthly.
Exercise training in weight maintenance P Borg et al Problems in following the dietary advice or relapses were discussed in the meetings. At the end of the WM, subjects were not given any specific instructions concerning physical activity or diet during follow-up.
Anthropometry and body composition Body weight was measured after an overnight fast, with a high-precision scale (F150S-D2, Sartorius, Goettingen, Germany), with the subjects wearing only their underwear. Pulmonary reserve volume was measured on dry land before immersion. The subjects' body density was measured by underwater weighing, after full exhalation (presumably at residual lung volume), as described previously. 19 Body composition was calculated from the body density by a twocomponent model. 20 Waist circumference was measured at midway between the lowest rib and the iliac crest. Hip circumference was measured at the tip of the greater trochanter. The circumferences were measured three times and the mean values were used.
Resting energy expenditure
Resting energy expenditure (REE) was measured for 30 min at 0, 2, 8 and 31 months. REE was measured after an overnight fast, with no vigorous physical activity for 2 days before the measurement. Expiratory gases were analysed and integrated for 1 min periods (Sensor Medics 3000Z; Sensor Medics Corp., Anaheim, CA, USA). The lower mean REE value of 11 -20 or 21 -30 min was used. For EE calculations during weight maintenance (2 -8 months) the mean of REE at 2 and 8 months was used and during follow-up (8 -31 months) REE at 31 months was used.
Diaries of physical activity and dietary intake
During WM the subjects recorded the completed duration and intensity of physical activity. The diaries included, in addition to prescribed exercise, various modes of sports and lifestyle physical activity (eg walking to work, gardening), but excluded occupational physical activity. Before data analysis, recorded physical activities were classified and given an average metabolic equivalent (MET, multiples of resting energy expenditure) value of EE:
18 walking training 5.5 MET, other walking 4 MET, resistance training 4 MET, cross-country skiing 7 MET, cycling 6 MET, ball games 6 MET and lifestyle physical activity 3 MET. Various other, less frequently reported sports, such as downhill skiing and skating, were given a value of 4 MET. Physical activities were classified as high intensity with MET value ! 5.5 and low-to-moderate intensity with MET values < 5.5.
At the follow-up assessment (31 months from the beginning), the subjects filled in a recall questionnaire on the previous year's physical activities. The questionnaire included similar questions on modes of physical activity as the exercise diaries, but the frequency was reported as sessions per month and the session time was given as estimated monthly mean. These data were transformed into MET values and EE by the same principles as for exercise diaries. Since one MET corresponds to REE during 1 h, the EE of physical activities was calculated as kJ h.
Subjects kept a 4-day food diary before weight loss (0 months), after weight loss (2 months), during WM (6 months), and at the end of the first (20 months) and second (31 months) year of follow-up. The food diaries at 6 months were used to assess energy intake during WM and the mean energy intake from 20 and 31 months was used to assess energy intake during the second follow-up year. The food composition data were analysed by Micro-Nutrica software (Social Insurance Institution, Helsinki, Finland).
Statistical analyses
The main hypotheses were: (a) both exercise programs improve maintenance of weight loss and induce favourable changes in body composition; (b) the walking group's weight maintenance is better than in the resistance training group. The main outcome variables were measures of fatness, ie body weight and fat mass and indicators of body fat distribution, ie waist circumference and waist-to-hip ratio (WHR).
The data from baseline (0 months) until the end of WM (8 months) included the 82 subjects measured at 8 months and the follow-up data the 68 subjects who participated at the end of the study (31 months) . The main hypotheses were tested and the group differences with 95% confidence intervals (CI) were estimated by the analysis of covariance. The measurements after the WM and at the end of the unsupervised follow-up were used as dependent variables in two separate analysis, where the measurements before randomization (after the WR) were used as the covariate. The results of each variable are presented as group means and standard deviations and the adjusted differences between groups are presented as means and 95% CI. P < 0.05 was chosen as the level of statistical significance and Sidak's post-hoc adjustment to the CI was used. The associations between the EE of physical activity and weight change were examined by the Pearson's correlation coefficients.
Results
Weight reduction phase (WR, 0 -2 months) Ninety obese (mean BMI 32.9 kg=m 2 , range 28.5 -40.0 kg=m 2 , mean waist circumference 112.5 cm, range 98.0 -132.0 cm), but otherwise clinically healthy, middleaged (mean 43 y, range 34 -50) men were accepted to the study. All participating subjects met the inclusion criteria at the screening measurements, but BMI and waist circumference of five subjects were slightly decreased at the baseline due to slight weight loss. The baseline data from the 82 men (Table 1) 
Weight maintenance phase (WM 2 -8 months)
During the 6 month WM, there were no statistically significant differences between the study groups in weight change, although the subjects in C and W gained some weight (mean increase 1.6 and 1.8 kg, respectively), and the subjects in R maintained their weight (mean increase 0.3 kg; Table 2 ). Fat mass increased statistically significantly in C (2.2 kg), but not in W (0.8 kg) or R (70.6 kg; Figure 1 ). The change in fat mass was statistically significant between C and R (P ¼ 0.01). The subjects' waist circumference followed the same pattern as for weight with a tendency for increase in C and W, and a tendency for decrease in R. WHR remained practically unchanged in all groups. Three subjects (two in C and one in W) lost additional weight amounting to at least 5% of weight after VLED, whereas 10 subjects (six in C, three in W and one in R) regained more than 5% weight.
Unsupervised follow-up (8 -31 months)
The average weight gain after WR was 9.6 (range 76.5 -23.7) kg at the end of the study, with no statistically significant difference between the groups. Gains in fat mass and waist circumference were also similar in all three groups. The WHR increased statistically significantly (0.03, CI 0.01 -0.05, P ¼ 0.04) less between 2 -31 months in R compared to W. As compared to the end of WR, 15 (five in C, six in W and four in R) subjects kept their weight within AE 5% and one subject in C lost an additional 7% of weight. Weight gain within 5 -10% from the initial weight loss was achieved by 13 (four in C, two in W and seven in R) subjects and 39 (12 in C, 12 in W and 15 in R) subjects gained more than 10%. All changes between 0 and 2 months are statistically significant (P < 0.05, paired t-test). Exercise training in weight maintenance P Borg et al
Physical activity and energy intake
Except for one, all subjects returned fully completed physical activity diaries at the end of WM. Mean adherence to the prescribed exercise dose (frequency Â session duration) during WM was 82% in W and 66% in R. Mean adherence to session duration was good in both groups (W 94%, R 97%), but mean adherence to exercise frequency was less good (W 86%, R 66%). The estimated mean weekly EE from accomplished prescribed exercise was 4.2 MJ (980 kcal) in W and 3.2 MJ (764 kcal) in R ( Table 3 ). The mean weekly total EE of all reported physical activity of subjects in the exercise groups was 1.8 -2.0 MJ (427 -470 kcal) greater than in C. After combining all groups the total EE of all physical activity was negatively associated with weight gain during WM (2 -8 months; r ¼ 70.32, P ¼ 0.004; Figure 2 ), but not during the latter follow-up year (20 -31 months; r ¼ 70.07, P ¼ 0.58). The adherence to prescribed exercise dose in combined exercise groups during WM was negatively associated (r ¼ 70.43, P < 0.01) with weight gain during WM.
At the second year follow-up assessment, 57 subjects recorded data on physical activity of the preceding year, but one subject in C was excluded from the analysis as an outlier (Table 3) . Between WM and the last year of follow-up, EE of all physical activity decreased by 8% in C, by 46% in W and 29% in R (Table 3 ). Dietary energy intake was not associated with changes in weight during WM or follow-up.
Discussion
In our study, a structured exercise program of moderate dose, when added to dietary counselling after weight reduction Figure 1 The mean changes and 95% CI in fat mass and fat-free mass after weight loss in study groups. Exercise training in weight maintenance P Borg et al with VLED, did not result in less weight regain either at the end of the WM or during the unsupervised follow-up when compared to the control group receiving dietary instruction only. However, FM was better maintained in R compared to C during WM, which implies that exercise may protect against fat regain. The decrease in total EE and increase in dietary energy intake from WM to end of the second followup year in the exercise groups at least partly explains why the beneficial changes in body composition, achieved by exercise training during WM, could not be maintained during follow-up. Previous interventions including a WM period with exercise training after weight reduction are scarce. Three previous randomized controlled trials exploring this issue included mostly or entirely women. In a study by Perri et al 21 aerobic exercise during the WM period induced additional weight loss. However, maintenance of weight loss was not improved in the exercise group after 18 months of follow-up. In a study by Leermakers et al 22 an exercisefocused approach to WM resulted in greater weight regain than weight-focused approach. In our previous study obese women were randomized after weight loss into groups of diet, moderate amount of walking (target activity 4.2 MJ=week) and large amount of walking (8.4 MJ=week). During the 9 months, WM phase weight remained stable in the exercise groups, whereas the control group gained weight. After the 2 y follow-up the weight and the waist circumference regain were less in the moderate walking group vs the diet group. The walking group with the larger prescribed dose did not differ from the controls. Altogether, it seems that exercise training might improve WM in the short term. Yet, only in our previous study 14 in women with walking training did a marginal long-term effect of exercise remain at the end of the follow-up. As compared to men in the present study, in women walking might have been a more suitable form of exercise resulting in better long-term adherence to exercise and improved WM. It is likely that with different types of exercise an adequate amount of exercise is achievable during contact with the research staff or therapists, but in free-living conditions performing continuously a sufficient amount of prescripted exercise to prevent weight gain is laborious. The prescribed exercise was supposed to increase weekly EE in exercise groups by 3.6 -5.1 MJ, but this difference to C was not observed due to poor adherence in exercise groups and due to unprescribed physical activity in C. During 6 months WM, the total weekly EE of physical activity was almost 2 MJ greater in the exercise groups than in C and this difference in energy balance would have accumulated to about 50 MJ of energy corresponding to about 1.8 kg of body weight, assuming that dietary intake remained similar in the study groups. As compared to C, the difference in weight gain during WM was close to this calculated value in R (71.3 kg), but not in W (0.3 kg). Therefore differences in other factors of energy balance, such as unreported lifestyle physical activities and dietary intake, were likely between the groups. It is probable that the beneficial effects of modest amounts of exercise are to be overridden by variations in EI.
Unfortunately, self-reported dietary assessments are inaccurate in estimating dietary energy intake due to under-reporting, 23 especially in the obese. 24, 25 At simplest, under-reporting can be estimated as reported EI less than REE multiplied by 1.35. 26 Using this cut-off limit, only three (4%) subjects during WM and four (7%) subjects during the follow-up did not under-report EI, with no differences in the number of under-reporters or rate of under-reporting between the groups. Due to unreliable reporting of energy intake, the reason for improved body fat maintenance in R remains suggestive.
The sufficient amount of exercise for WM is not known, but it is reasonable to assume that exercise acts in a doseresponse manner. However, previous studies 27, 28 have suggested an EE of physical activity threshold of about 10 -12 MJ=week, below which the intrinsic control for energy balance might be hampered. 27 In our study the estimated weekly EE of physical activity was highest during WM, namely 7.2 -7.4 MJ in exercise groups. During the second year of follow-up all groups expended 4.3 -5.3 MJ of energy in physical activity weekly. Therefore, at no time during the study did the weekly EE of the study groups achieve the proposed limit of 10 -12 MJ, although 16 subjects (20%) during WM and four subjects (6%) during followup expended more than 10 MJ in physical activity weekly. Furthermore, the mean number of daily steps during the study (0 -31 months) in the three intervention groups varied between 5974 and 18 687 (data not shown) which is well below the 12 000 -5000 steps suggested to be sufficient to prevent weight gain. 29 The withdrawals from the study, Figure 2 The association between weight change and estimated total EE of physical activity (PA) during weight maintenance (linear regression) in all subjects. The dotted lines represent total EE of physical activity associated with weight maintenance.
Exercise training in weight maintenance P Borg et al especially during follow-up, might have been a cause for bias underestimating weight regain or overestimating the effect of physical activity, but there were no differences in weight or the amount of estimated EE at the end of the WM between subjects measured in the end of the study and those withdrawn during follow-up. In our regression analysis the estimated weekly EE of physical activity associated with successful weight maintenance was 10.1 MJ (2415 kcal; Figure 2 ), which corresponds to 4.5 MET h per day. The amount of daily exercise needed to expend this amount of energy in our subjects corresponds to about 34 min of vigorous activity (8 MET) or 68 min of moderate activities (4 MET). This is very close to the previous estimation suggesting that 35 min of vigorous activity or 80 min of moderate activity daily is needed for WM in women. 27 Thus, it seems that the amount of exercise needed to clearly benefit WM is high and at least an increase in daily physical activity EE of 1.5 MJ (360 kcal) is needed for sedentary persons. Considering that the present recommendations on physical activity 30 is 'at least 30 min of moderate intensity exercise daily' inducing a daily EE of about 0.6 MJ (150 kcal), it seems that this recommendation at its lowest limit is not enough to prevent weight gain totally, although it might attenuate weight regain or have positive effects on obesity-related metabolic complications.
We used two different modes of exercise, walking and resistance training, to examine which one is better in longterm adherence. Walking is home-based exercise, whereas resistance training often requires commuting, which might decrease adherence. The benefits of home-based exercise vs clinic-based exercise on walking training adherence have been observed in obese women 31, 32 and in a mixed group, 33 but the benefits of home-based exercise in obese men are less certain. The present study was the first to address the question whether adherence to strength training and walking differed in overweight subjects. In our study, subjects in R adhered less to the exercise program than subjects in W, which implies that walking as a home-based exercise might be associated with better compliance. Other possible explanations for better adherence to walking might be the independence from special equipment or avoidance of other trainees. However, during the unsupervised followup, subjects in both exercise groups decreased their physical activities. There seemed to be a shift in the type of exercise from WM to follow-up, since all subjects reported walking and most of them in meaningful amounts. In contrast, only 14% of subjects performed strength training during the follow-up and these subjects were evenly from all groups. Altogether, our observations suggest that adherence to walking is better than to strength training. Considering that the energy cost of walking per time unit is also higher compared to strength training, it seems that walking is a more reasonable exercise mode for WM.
The drop-out rate in our study was 24%, which was greater than in our previous study 14 and study by Leermakers et al, 22 but similar as in study by Perri et al. 21 Due to decreased sample size the decreased statistical power is a weakness in our study. However, we were able to detect a 3.0 kg difference in body fat mass between R and C during maintenance phase. In the end of the follow-up our statistical power had decreased, and a larger sample might have been needed to detect the presumably small difference in fat mass between R and C. However, we consider that the differences in weight and body composition between the groups at the end of the study are minor both statistically and clinically.
In conclusion, resistance training during WM phase resulted in slightly favourable changes in body composition, as compared to the control group. However, adding either walking or resistance training to dietary counselling did not improve WM at the end of the study. The results suggest that the apparent ineffectiveness of structured exercise programmes is mostly due to poor long-term adherence. Evidently, when dietary changes favouring WM are not maintained after weight reduction, modest amounts of exercise, as prescribed in our study, have only modest effects on weight regain. As adherence to sufficient amount of exercise, seemingly 10 MJ=week, appears to be one cornerstone of successful WM, more studies concentrating in ways to enhance adherence in the obese are warranted. In addition to structured exercise programmes, other approaches, such as multiple short-bouts and lifestyle physical activity should be investigated. Long-term follow-up is essential in order to evaluate meaningful health-related effects of exercise and dietary interventions.
